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[57]  ABSTRACT =

A heat exchanging element for use in a rotary-type

‘counter-current heat exchanger is provided. The heat

exchanging element comprises a gathering member -
composed of natural fiber, especially coconut fiber.
And a rotary-type counter-current heat exchanger is
provided. The heat exchanger comprises a casing, a

rotary. frame rotatably supported by the Casing, the |

rotary frame having a shaft, a palr of rotor rims main-
taining a predetermined distance in an axial direction of
the shaft and a plurality of rotor spokes, and the heat

‘exchanging element accommodated in the rotary frame.

8 Claims, 27 Drawing Fig_ures o




U.S. Patent Nov. 25, 1980

PRIOR ART

Sheet 1 of 10

4,235,608



U.S. Patent Nov. 25, 1980 “Sheet 2 of 10 4,235,608

IEFglg'R?QRT
—>
=
FIG.5A FIG.58
PRIOR ART PRIOR ART

20

FI1G.5c¢ FIG. 5D
PRIOR ART PRIOR ART
20 20
Poa Psa PoA PSA_
@ T 19 9




U.S. Patent ' Nov. 25, 1980 Sheet 3 of 10 4,235,608

-ﬂnﬁﬁﬁﬂwum-uﬂ¢

- .Jmuwumnnuunﬂﬁﬁ
SIS IOI ISy
ool 2 2L L LA

MINRAN
SESEAm
Ll
Ll
i

St

S,

..

==s3,
1T
e
uNEREEa

e !

L g



U.S. Patent Nov. 25, 1980 Sheet 4 of 10 4,235,608

FIG. 8

(%) 30,
25
20
IS

10

(%)




U.S. Patent  Nov. 25, 1980 Sheet 5 of 10 4,235,608




U.S. Patent Nov. 25, 1980 Sheet 6 of 10 4,235,608




Sheet 7 of 10 4,235,608

Nov. 25, 1980

U.S. Patent

FIG. 14




U.S. Patent Nov. 25, 1980 ~ Sheet 8 of 10 ' 4,235,608




U.S. Patent Nov. 25, 1980 Sheet 9 of 10 4,235,608




U.S. Patent Nov. 25, 1980 Sheet 10 of 10 4,235,608




4,235,608

1

o ROTARY-TYPE COUNTER-CURRENT HEAT

EXCHANGER

* BACKGROUND OF THE IN'VENTION -

.~ The present invention relates generally to a heat ex-

- changer, and in particular to a rotary-type counter-cur-

- rent heat exchanger for exchanging the heat by flowing

..~ supply air stream on one side of a center of rotation of

oo - a revelving heat exchanging element and flowing an

" exhaust air stream on the other side in an Opposmg
 manner. ' o

Generally, a eonventlonal rotary-type counter-cur--

"re_nt heat exchanger consists of dividing a cylindrical
~ heat exchanging element rotatably supported in a casing

into semicircular portions by means of a center channel,

~ feeding the supply air stream to one side of the thus
- separated portions and feeding the exhaust air stream to
- the other side in an opposing manner, and rotating said

heat exchanging element SO that the heat 1S contmueusly

- exchanged.

5
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5 .
element using the asbestos had to be coated with large
amounts of deliquescent salt such as expensive lithium
chloride (LiCl) for efficiently earrytng out the ex-

change of latent heat. | |
- Moreover, in the case of the heat exehanglng element
using the laminate of asbestos papers creased to a pleat

in a manner of beehive structure, oil, mist, dirt and dust
are gradually accumulated over the entire heat ex-

changing element as it is used for extended periods of

~ time, causing the heat exchanging efficiency of the heat -

exchanging element to be inevitably decreased. If the
heat exchanging element is washed with water in order
to recover the heat exchanging efficiency, the aforesaid
deliquescent salt such as lithium chloride which is a
medium for exchanging the latent heat is dissolved.

~ Therefore, the maintenance was virtually very difficult.

20

In recent years, the heat exehangers of thts type have |

‘been drawing attention as energy-saving devices be-

- cause of their installation cost per unit quantity of heat

" conduction and high heat-recovering efficiency as com-
: pared to the heat exchangers of other types.

The heat exchangers of this type have so far em-

__ ployed a heat exchangmg element composed of kmttlng

a metal wire in the form of a mesh, or ereasmg and

. foldmg an asbestos paper and laminating it in the form
- of a beehive. The rotary frame for accomodating the
~ thus prepared heat exchanging elements was usually
 formed in a cylindrical form, whereby the former heat
. exchanging element was usually accomodated in a plu-

rality of matrixes formed by dividing the cylindrical

- In the heat exchanger of such matrix setup, the seal-

‘seal on one end of each of the matrixes. In the heat

exchanger of the laminated construction, on the other

~hand, the sealing between the supply air stream and the
- exhaust air stream is attained by providing a ring-like
- rubber seal on the inner side of the center channel, or by
o providing' a ring-like rubber seal at a suitable place of
- the casing along the elreumferenttal surfaee of the heat

- exchanging element. |

~ Further, the eonventlonal heat exchangers of this

' '.type are equipped with a purge sector which works to

capture the exhaust air stream that tends to migrate

- toward the side of supplying the air and return it back to
| the exhaust air side, in order to prevent the contami-

nated exhaust air stream from being mixed into the fresh
supply air stream beyond the center channel.
However, such a conventional rotary heat exchanger

25

30

35
- rotary frame in the radial direction, and the latter heat -
. exehangtng element was usually wound and laminated
- 1n said cyhndrical rotary frame in eoncentrle with the
-~ center of rotation of said frame. | |
40
~ ing between the supply air stream and the exhaust air
.. stream is attained by studding rubber strips called radial

In other words, there was no drastical measure fer
recovering the heat exchanging efficiency except to .

‘replace the heat exchanging element with a new one.

In the case of the heat exchanging element of a metal-

lic member arrayed in a matrix configuration, on the

other hand, it was not allowed to clean the element
from the radial direction of the rotary frame ac-
comodating the heat exchanging element due to its
construction. That is, in order to clean the element, the
duct connected to the casing of the heat exchanger had

to be removed, requiring cumbersome operation. In any
way, it was very difficult to maintain the heat exehang—

ing efficiency of the heat exehanger always In an Optl-

- mum condition.

Moreover, the heat exehanger usmg a heat exchang-_
ing element made up of metal wires arrayed in a matrix
configuration as mentioned above, required the sealing

of a very complicated construction between the supply
‘alr stream and the exhaust air stream to play an impor-
~ tant role as a structure of the heat exchanger of this sort.
Particularly, as is well known, the operation for install-
“ing the aforesaid radial sealing in the heat exchanger

required the most troublesome operation, giving a
major cause of interrupting the rationalization of the
operation for assembling the rotary-type heat exehang-

~ers of this sort.

435
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Furthermore, referring to the structure of a conven-
tional purge sector installed for the heat exchangers of

- this sort, strict limitation was imposed on the arrange-
ment of a blower for properly functtomng the purge

sector, presentmg considerable inconvenience.

SUMMARY OF THE INVENTION

Generally speaking, aecordlng to the present inven-
tion, there are prowded a novel and improved heat

- exchanging element for use in a rotary-type counter-

33

posseses the following fundamental defects. That is,

although the heat exchanging element made up of the

ciency, it was not capable of exchanging the latent heat,

-resulting in very poor heat-exchanging efficiency as a

whole. The heat exchanging element using the asbestos
paper, on the other hand, could not be said as a desirable

- heat exchanging element employing asbestos which is
- hazardous to the human body and presenting a probabil-
ity of detonation. Furthermore, the heat exchanging

R Bl i R S P PSR
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aforesaid metals exhibited excellent sensible heat effi-

65

current heat exehangers and a rotary-type counter-cur-

rent heat exchanger using the novel and 1rnproved heat
exchanging element. | |

The heat exchanging element for use in a rotary-type
-counter-current heat exchanger comprises a gathering

member, the gathering member being composed of
natural fiber, the natural fiber being selected from vege-
table fiber, animal fiber or the combination thereof.
Further, according to the present invention, there is
provided a rotary-type counter-current heat exchanger
comprises a casing, a rotary frame rotatably supported
by the casing, said rotary frame including a shaft, a pair
of rotor rims maintaining a predetermined distance in an
axial direction of the shaft and a plurality of rotor
spokes, one end of each rotor spoke being fixed to said
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shaft and the other end thereof being fixed to said pair
of rotor rims, and a heat exchanging element ac-
comodated in said rotary frame, said heat exchanging
element consisting of a gathering member, said gather-
ing member being composed of natural fiber, said natu-
ral fiber being selected from vegetable fiber, animal
fiber or the combination thereof.

Accordingly, the object of the present invention is to
provide a heat exchanging element for use in a rotary-
type counter-current heat exchanger, having excellent
heat exchanging efficiency.

Another object of the present invention is to prowde
a rotary-type counter-current heat exchanger having
‘excellent heat exchanging efficiency.

A further object of the present invention 1s to provide
a rotary-type counter-current heat exchanger which is
capable of stab]y exhibiting the heat-exchanging func-
tion.

A still further object of the present invention is to
prewde a rotary-type counter-current heat exchanger
requiring very easy maintenance.

A still another object of the present invention is to
provide a heat exchanger employing a very simply
constructed seal between the supply air side and the
exhaust air side, maintaining good sealing performance.

Yet further object of the present invention is to pro-
vide a rotary-type counter-current heat exchanger em-
ploying an improved purge sector, enabling the installa-
tion positions of a blower to be selected with wide
~ variation.

Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from
the specification.

The invention accordingly comprises the features of
the construction, combination of elements, and arrange-
ment of parts which will be exemplified in the construc-
tion hereinafter set forth, and the scope of the invention
will be indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
is had to the fellowmg description taken in connectlon
‘with the aecempanymg drawings, in which;
~ FIG. 1 1s a schematic diagram showing a conven-
tional rotary-type counter-current heat exchanger;

FIG. 2A is a schematic diagram showing a conven-
tional heat exchanging element made up of a metallic
member; | |
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F1G. 2B is a diagram showing on an enlarged scale of

the heat exchanging element shown in FIG. 2A;

FIG. 3A 15 a schematic view showing a conventional
heat exchanging element made up of an asbestos paper;

FIG. 3B 1s a diagram showing on an enlarged scale a
portion of the heat exchanging element shown in FIG
3A;

F1G. 4 is a schematic diagram showmg a conven-
tional purge sector;

F1G. 5A to FIG. 5D are dlagrams showmg the states
in which the exhaust air stream is transferred into the
supply air stream through blowers installed at various

50

55

60

positions using the cenventronal purge sector shown in

FIG. 4; ~
FIG. 6 is a perspective view showing a heat exchang-
mg element according to an embodiment of the present
imvention;
FI1G. 7 1s a perspective view showing a heat exchang-

ing element according to another embodiment of the

present IIIVEI'IHOII

65
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FIG. 8 1s a diagram of hygroscopic curves of natural
fibers used for the heat exchanging element of the pres-
ent invention at an equal temperature;

FIG. 9 1s a schematic diagram of an apparatus for
measuring the total heat exchanging efficiency used for
testing the effects of the heat exchanging element of the
present invention;

FIG. 10 1s a perspective view showing an embodi-
ment of a rotary frame used in the rotary-type counter-
current heat exchanger of the present invention;

FIG. 11 1s a perspective view showing an embodi-
ment of a fan-shaped cartridge accomodating the heat
exchanging element according to the present invention;

FI1G. 12 1s a perspective view showing an embodi-
ment of a matrix cover for holding the fan-shaped car-
tridge shown 1n FIG. 11; |

FIG. 13 1s a diagram showing on an enlarged scale
the outer circumferential portion of the rotary frame to

which is fitted the matrix cover shown in FIG. 12;

FIG. 14 1s a perspective schematic diagram showing
an embodiment of a seal structure used for the rotary-
type counter-current heat exchanger according to the
present invention; -

FIG. 15 1s a perspective view showing on an enlarged |
scale the outer circumfierential portion of the seal struc-
ture shown in FIG. 14; | |

Fi1G. 16 1s a schematic perspective view showing an
embodiment of a purge sector used for the rotary-type
counter-current heat exchanger according to the pres-

ent mvention:
FIG. 17 1s a cross-sectional view along the line

17—17 of FIG. 16;
FIG. 18 1s a perspective schematic diagram showing

on an enlarged scale an embodiment of the purge sector

used for the rotary-type counter-current heat exchanger

according to the present invention; and
FIG. 1%A to FIG. 19D are diagrams showing the

states 1n which the exhaust air stream turns into the

supply air stream through blowers located at various
positions using the purge sector according to the pres-

ent mventlon

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring first to FIG. 1, a conventional rotary type
counter-current heat exchanger is generally denoted by
a reference numeral 30. In this heat exchanger, a cylin-
drical rotary frame 11 for accomodating a heat ex-
changing element 10 is rotatably supported by a casing
13 by means of a shaft 12. The heat exchanging element
10 accomodated in the cylindrical rotary frame 11 is
divided into two semicircular right and left portions as
diagramatized by a center channel 14 constituting a .
portion of the casing 13, whereby a supply air stream
SA 1s allowed to flow on one side and an exhaust air
stream EA 1s allowed to flow on the other side in an
opposing manner. The frame 11 is rotated by a drive
motor 15 via a belt 16 to continuously exchange the
heat.

‘The conventional heat exchanger 30 of this kind em-
ploys a heat exchanging element 18z composed of knit-
ted metal wires such as of a stainless steel in the form of
a mesh as diagramatized in FIG. 2B, or a heat exchang-

ing element 10c composed of winding an asbestos paper

106 of a creased and folded shape as shown in FIG. 3B
and laminating it 1n the form of a beehive in concentric

with a rotary shaft 12 as shown in FIG. 3A. The former
 heat exchanging element 10q is accomodated in a matrix
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17 which is formed by equally dividing the cylindrical
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frame 11 for accomodating the heat: exehanglng element -

10z in the radial direction as. shown in FIG. 2A. In the

drawings, reference. numeral 18: represents a separator

plate for forming the individual matrixes 17.
The abovesaid conventlonal heat exchanger is usually i

S

equlpped with a purge sector 19 constructed as shown -

in FIG. 4 in order to prevent the contammated exhaust
stream EA from being mixed into the fresh supply

stream SA beyond the center channel 14. The purge
sector 19 functions properly when blowers 20 are dis-

10

posed at positions as shown in FIG. 5A, but is not capa-

are disposed in other way than that of FIG. 5A, i.e,

“when the blowers 20 are disposed at pos:tlons as shown

in FIG. 5B, FIG. 5C and FIG. 5D. That is, when the

‘ble of preventing the exhaust stream from being trans-
ferred toward the supply air side when the blowers 20

15

blowers 20 are arranged as shown in FIG. 5A, if the

static pressures on the side of the open air, on the side of

supplying the air, on the side of circulating the air and

on the side of exhausting the air are represented by Poy,
- Psa, PRA and Pgy4, respectively, the static pressure de-
creases in the order of Po4>Ps4>Pr4>PE4. There-

100 in FIG. 6, or the natural fiber 101 formed in a mesh-
like structure may be laminated at random to form a
gathering member as designated at 150 in FIG. 7. Inany -

~ shape the natural fiber 101 may be agglomerated or
‘gathered, it-should have a void nearly equal to that of

the conventional heat exchanging elements made of a
metal such as stainless steel.
Preferred examples of the natural ﬁber 101 to be used

include coconut fiber, pine fiber, sun tree fiber, wool,
cotton, cedar fiber, fir fiber, beech fiber, and zolkova

fiber, being used alone or in combination. Specifically, it
is preferable to use coconut fiber having a fiber diame-
ter over the range of from 0.1 to 0.4 mm. |

The reason why these fibers 101 are selected is be-
cause they exhibit great change in hygroscopic prop-
erty with respect to the change in relative humidity, and
relatively large specific heat. That is, the natural fiber
101 used for the heat exchanging element of the present

~ invention may have a specific heat greater. than 0.3

20

fore, the air stream is never transferred from the Slde of

| 'elrculatlng the air RA toward the side of supplying the

air SA owing to the difference in static pressure. When
the blowers are disposed at positions shown in FIGS.

5B, 5C and 5D, for example, when the blowers are

25

calK—1lg—1,
calK—1g—1.

Further, more increased total heat exchangln g effi-
ciency will be obtained when the fiber of the heat ex-
changing element is impregnated with a deliquescent
salt or a non-volatile and non-toxic liquid having hygro-

~and 'preferably greater-'- than 0.5"

- scopic property, such as lithium chloride, lithium bro- -

mide, calcium chloride, ethylene glycol, diethylene '

~ glycol, glycerine, titanium chloride, aluminum chloride,

disposed at positions shown in FIG. 5B, the static pres-

sure establishes a relation Po4-Pr4a>Ps4-Pr4. Here,

~ although the static pressures between Po4 and Pr4 and
between Ps4 and Peg will be determined by the difter-
“ence in capacities of the blowers, the relation of static

pressures between the side of circulating the air and the

- side of supplying the air is PrR4>Psy4, thereby permit-

ting the exhaust air stream to flow from the side RA
toward the side SA through the purge sector 19. Ac-
cording to the arrangement of FIG. 5C, also, the rela-
tion Pr4>Psy4 is established in the same way as the
arrangement of FIG. 5B, thereby permitting the exhaust

~ air stream to flow toward the side SA. According to the
arrangement of blowers shown'in FIGS. 5B and 5C, the
relation in static pressures between the side RA and the
“side SA is Pr4> Ps4 whereby the static pressure differ-

ence between the above two is, in practice, Pr4—P-

s4=15 to 30 mm Ag. Therefore, it 1s virtually imp'ossi-"_
ble to reverse the static pressure relation into Pr4> Ps4

even by changing the blower capacities, and eventually
it 1s difficult to prevent the reversed flow of the exhaust

. air stream. With the arrangement of FIG. 5D, the static
- pressure relation is Pr4>Pr4>Pos>Psq4 which 'is -
o -qmte contrary to that of the arrangement of FIG. 5A; it

~ is quite 1mp0351ble to prevent the reversed ﬂow of the

exhaust air stream.
Below are illustrated in detaﬂ a heat exchanglng ele-

ment according to the present mventlon that 1s to be '_
compared with the abovementioned conventional ex-

amples, and a rotary-type counter-current heat ex-
changer according to the present mventmn using the
heat exchanging element. |

30

35

triethylene glycol, . vanadium. fluoride, lithium carbon-
ate, or the like. In this case, further, the dellquescent salt
or the hygroscopic liquid needs be used in very small
amount as compared to the conventional examples.
The solution concentration when the fiber composi-

~ tion is to be impregnated with these chemical substances

may be 100% when-the chemical substances are liquids, '
or may have a concentration of saturated agueous solu-

~ tion when the chemical substances are solid substances.
- Further, the amount of the chemical substances that are

45

- mesh-like structure composed of knitting a stainless

55

The heat exchanging elementé accordm g to the pres-

ent invention are denoted by reference numerals 100

and 150 in FIGS. 6 and 7. The heat exchanging element

eomprlses a gathenng member. The gathering member
is composed of natural fiber 101. The natural fiber 101 is

selected from vegetable fiber, animal fiber or the combi-
nation thereof. The natural fiber 101 may be agglomer- |

ated at random as a gathering member as designated at

65

to be impregnated into the natural fibers may be, in the
case of lithium chloride,; 40 to 60 g per kilogram of the

natural fiber, and in the case of other substances, the .
amount may usually be 15 to 20. tlmes that of the lithium
chlonde. o . | | '.

The abovementloned heat exchanging elements ac- -
complished by the inventors of the present application

much owe to the following many experiments. -
First, in regard to the relation between the construc- -

tion of the heat exchanging element and the sensible ;
" heat exchanging efficiency, test was conducted to deter-
50
- structions, i.e., (1) mesh-like construction and (2) bee-

mine which one of the conventionally known two con- -

hive construction, would exhibit higher sensible heat
exchanging efficiency. The test was conducted using a

steel wire of a diameter of 0.25 mm to have a void of

90% as shown in FIG. 2B, and using a beehive structure
composed of a laminate of asbestos papers 105 having a
thickness of 0.15 mm, a hole diameter ¢ of 1.3 mm and
a void of 79% as shown in FIG. 3B. The weight of the

heat exehangmg element per unit volume and the

amount of air passing through the heat exchanging |

element were set constant for each of the above struc-

tures, to test the sensible heat exchanging efficiencies

~for each of the abovesaid structures, and the results
‘were theoretically analyzed. As a result, it was found

that the mesh-like structure exhibited greater Reynolds

number (Re) which is'a major factor of determining the

sensible heat exchanging efficiency, than the beehive
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structure. That is, it was found that the mesh-like struc-
ture having a greater Reynolds number than the bee-
hive structure could increase the coefficient of heat
conduction which is directly related to the sensible heat
exchanging efficiency. As will be obvious from Table 1

below, the mesh-like structure exhibits the coefficient of
heat conduction which is more than two folds that of

the beehive structure.

TABLE 1
Wind speed in the | :
front (meters per 20 25 30 35 40 45
second) |
Coefficient
of heat con- mesh-like - -
duction  structure 181 198 198 19.7 189 17.6
(Kcal/m?.  Beehive
h.°*C.) structure 7.8 7.7 7.9 8.3 8.6 -

>

8

ducts, 26 a blower for supplying the air, 27 a blower for
exhausting the air, and reference numeral 28 designates
terminals for measuring the temperature and humidity.

EXPERIMENT 2

The same heat exchanging element as used in Experi-

- ment 1 was immersed in an aqueous solution containing

10

15

A series of studies related to the physical properties

of the heat exchanging element also revealed that the
increased sensible heat exchanging efficiency is attained
with the increase of the specific heat of the materials

20

constituting the heat exchanging element, independent -

of the heat conductivity that was so far regarded to
affect the sensible heat exchanging efficiency. For the
purpose of reference, specific heats of the substances
used for the testing are shown in Table 2.

TABLE 2
Specific heat

Substance (cal/g"°C.)
Aluminum 0.22
Stainless steel 0.11
Asbestos - 0.19
Wood (fiber) 0.5-0.7
Cotton

0.31

As for the exchange of latent heat, natural fibers
having characteristics shown in FIG. 8 were used as a
material of the heat exchanging element based on an
idea that the substances whose hygroscopic coefficient
varies with the change of the relative humidity are
suited for use in the latent heat exchanging element.
FIG. 8 shows the curves of hygroscopic properties at
equal temperature, in which curve A represents the
properties of the pine fiber, curve B represents the prop-
erties of the sun tree fiber, curve C the properties of the
wool, and the curve D the properties of the cotton. In
FIG. 8, the ordinate represepnts hygroscopic rate and
the abscissa represents relative humidity.

Below are mentioned concrete expenmental exam-
ples.

EXPERIMENT 1

A coconut fiber having a fiber diameter of 0.2 to 0.3
mm formed in a mesh-like structure was installed on the
rotary portion as a heat exchanging element in the heat
exchanger. One side of the heat exchanging element
was brought into contact with a supply air stream, and
the other side thereof was brought into contact with an
exhaust air stream 1n a counter-current manner, in order
to measure the total heat exchanging efficiency. The
results were as shown in Table 3 below. For the purpose
of comparison, the results when the stainless steel mesh-
like structure was used are also shown in Table 3. FIG,
9 shows the outline of an apparatus used for measurmg
the abovementioned heat exchanging efficiencies, in
which reference numeral 21 designates a heat ex-
changer, reference numerals 22, 23, 24 and 25 denote

25

30

35

40

10 9% by weight of lithium chloride for about 2 minutes

'so that the fiberous tissues (of coconut fiber) were im-

pregnated with the lithium chloride in an amount of 50
g/Kg. The resulting heat exchanging element was mea-
sured for its total heat exchanging efficiency in the same

manner as in Experiment 1. The results were as shown

in Table 3 below.

"~ TABLE 3

Weight - Total heat

of the exchanging efficiency (%)

~ heat Rota- Wind
Heat exchanging = ting speed
exchanging element speed  (m/s) | .
-element (Kg) (rpm) 2.0 2.5 3.0 35 40 4.5
Coconut 34 15 58 55 53 51 49 47
fiber o - - o
Coconut
fiber -
impregnated 3.6 15 82 80 78 75 71 67
with
lithium
chloride o - |
Mesh-like 21.3 15 Y 36 35 34 31 26
stainless | | |

steel

Below is illustrated the rotary-type counter-current
heat exchanger of the present invention using the
abovesaid heat exchanging element. FIG. 10 to FIG. 13
show important portions of the heat exchanger. Refer-
ring to FIG. 10, the rotary frame designated by refer-
ence numeral 40 for accomodating the heat exchanging
element consists of a rotary shaft 41, rotor spokes 42,
and rotor rims 43. That is, eight plate-like rotor spokes
42 extending in the radial direction are fastened at their

' ‘ends on one side to the shaft 41 maintaining an equally

45

30

55

divided angle a, and are fastened at their ends on the
other side to the two circularly formed rotor rims 43,
43¢ maintaining an equal distance. In the eight fan-

shaped matrixes 44 formed by means of the abovesaid

-eight plate-like rotor spokes 42 are removably ac-

comodated fan-shaped cartridges 45 of a shape corre-
sponding to the fan-shaped matrixes 44, as shown in
FIG. 11. The cartridges 45 contain a predetermined
amount of the heat exchanging element 46 of the pres-
ent invention. The interior of the cartridge 45 may be

~divided by means of separator plates 454, as required.

Each fan-shaped cartridge 45 accomodated in the ma-
trix 44 is supported from the outer circumferential di-

- rection of the frame 40 by means of a matrix cover 47
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shown in FIG. 12. That 1s, the matrix cover 47 for hold-
ing the fan-shaped cartridge 45 in the matrix 44 is de-
tachably attached to the rotor rims 43, 432 by a custom-
ary manner such as using screws via a flexible outer
circumferential sealing member 48 as shown in FIG. 13.

The thus constructed rotary frame 1s, although not
shown, rotated by known driving system, such as driv-
ing motor, pulley and belt. For example, a pulley may
be attached to the shaft 41, and the driving motor ro-
tates the pulley to turn the shaft 41. .

With the frame for accomodating the heat exchang-
ing element 46 being thus constructed, and the side
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. cover of the casing for rotatably accomodating the

- frame being detachably attached, it is allowed to very
easily keep the maintenance that presented a problem in
the conventional counterparts. That 1s, even when the
heat exchanging element is contaminated with oil, mist,
‘dust and dirt after extended periods of use, deteriorating
- the initial heat exchanging efficiency, the contaminated
fan-shaped cartridges can be replaced by the fan-shaped
cartridges accomodating new heat exchanging elements
- simply by removing the matrix covers from the side
“(radial) direction of the heat exchanger. a

Below is illustrated the construction of sealing used

for heat exchanger of the present invention with refer-

. ence to FIGS. 14 and 15. The structure of the sealing
consists of attaching a pair of circular grid-like plates 49

to the rotor rims 43 and 434 shown in FIGS. 10 and 13
by a customary manner. As shown in FIGS. 14 and 15,

- the grid-like plate 49 is made up of a circular grid hav-

ing through holes at right angles to the surface of the
plate, with a frame 50 being fastened to the periphery
thereof. In the drawing, reference numeral 51 repre-
sents a hole to which will be fitted the shaft 41 of the
frame 40. =
- Thus, by fcrmmg bcth surfaces of the rotary heat
exchanging element using grid-like plates 49 of a very
simple construction, the two surfaces provide smooth
planes permitting the air stream to flow only in the axial
direction of the rotary frame 40 without requiring any
particular sealing means such as radial sealing.
~ The structure of the purge sector used for the heat
~exchanger of the present invention can be materialized
~ in the following manner. Referring to FIG. 16 to FIG.
18, reference numeral 46 represents a heat exchanging
element, 41 a rotary shaft, 60 a casing, 61 a square cylin-
drical center channel constituting a portion of the cas-
ing, 62 a drive motor, and reference numeral 63 desig-
nated a drive belt. The drive motor 62 rotates a pulley

 (not'shown) through the belt 63 to turn the shaft 41. The

- center channel 61 divides the heat exchanging element
46 into two semicircular portions with the shaft 41 as a

~ center, and functions to seal between the supply air

stream side OA—SA and the exhaust air stream side
RA—EA. On the supply air side, the fan-shaped purge
sector 64 is connected to the center channel 61 on the
inner side SA of the supply air side. As shown in FIGS.
17 and 18, the purge sector 64 1s communicated to the
center channel 61 through an opening 65 which is
- formed on the side wall on the side of the center channel
- 61 so as to be communicated to the space in the cylin-

der. Further, the center channel 61 communicated to

the purge sector 64 is connected to a square cylindrical
center channel 61a located at a symmetrical position on
the opposite side of the heat exchanging element 46
through a communication mechanism 66 such as duct
disposed on the upper side or the lower side of the heat
exchanger. An opening 67 that serves as an exhaust port
is formed in a portion of the center channel 614.

The mechanism for preventing the exhaust air stream
from being caused to flow in the supply air stream 1s
thus constructed. Therefore, the exhaust stream flow
toward the supply air side SA as indicated by arrow is
captured by the fan-shaped purge sector 64, caused to

flow through the center channel 61 on the supply air

side SA, guided toward the center channel 61a pro-
vided on the exhaust air side EA, and discharged {from
the opening 67 formed on the exhaust air side EA

- toward the exhaust air side EA.
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The transfer of the exhaust air stream when the blow-
ers are located at various positions is concretely illus-
trated below with reference to FIGS. 19A, 19B, 19C
and 19D. If the static pressures of the external air, sup-
plying air, circulating air and exhausting air are denoted
by Po4, Ps4, Pr4, Pg4 (the same applies hereinafter in
FIGS. 19B, 19C and 19D) with the blowers being lo-
cated at positions shown in FIG. 19A, the relation
among the individual static pressure is given by
Po4>Ps4>Pra>PE4. According to the present in-
vention, the transfer of the exhaust air siream can be
prevented if the relation in static pressure differential
between the supply side SA and the exhaust side EA
satisfies the relation Psy=ZPgy4. With the blowers belng -
located at positions shown in FIG. 19A, the relation

between Ps4 and Pgy4 just satisfies the requirement

Ps4>Pr4 whereby it is possible to completely prevent
the transfer of the exhaust stream. According to the -
arrangement shown in FIG. 19B, the relation among the
individual static pressures is given by Pog4-Pr4>Ps4-
-Pr4, and the static pressure differential between Psy

and Pg4is determined by the capacities of the blowers.

Therefore, by so selecting the capacities of the blowers -

as to satisfy the requirement Ps4=Pgry, it is allowed to -

prevent the transfer of the exhaust air stream. In other
words, the transfer of the exhaust air stream can be
completely prevented by setting the capacity of the
blower on the supply side SA to be equal to the capacity
of the blower on the exhaust side EA, or by setting the
capacity of the blower on the exhaust side EA to be
slightly greater than the capacity of the blower on the
supply side SA. Referring to the arrangement shown in

'FIG. 19C, the relation among the individual static pres-

sures is given by Po4-Pra>Ps4-Pe4. In this case, also, "

the static pressure differential between Ps4and Prgcan

be determined by the capacities of the blowers in the
same way as that of the arrangement shown in FIG.
19B. Here, in order for the static pressures Pgqsand Pry -

to satisfy the relation PS'A:"'PEA,' the capacity of the
blower on the external air side OA should be set to be |
equal to the capacity of the blower on the circulating
side RA, or the capacity of the blower on the circulat-
ing side RA should be set to be slightly smaller than that

of the external air side OA, to completely prevent the |

transfer of the exhaust air stream. With the arrangement -
of FIG. 18D, the relation among the static pressures
becomes Prs4>Pr4>Pos4>Psq even if the purge sys-
tem of the present invention is employed, which is quite
contrary to that of the arrangement of FIG. 19A, mak-
ing 1t impossible tc prevent the transfer of the exhaust
stream. | -
It will thus be seen that the objects set forth above,

among those made apparent from the preceding de-

scription, are efficiently attained and, since certain
changes may be made in the above construction without
departing from the spirit and scope of the invention, it is
intended that all matters contained in the above descrip-
tion or shown in the accompanying drawings shall be
1ntcrprctcd as 1llustrative and not in a limiting sense.

-What 1s claimed 1s:

1. A heat exchanger element for use in a rotary-type
counter-current heat exchanger comprising: a gathering
member, said gathering member being composed of
coconut fiber having a diameter equal to between about
0.1 and 0.4 millimeter.

2. A heat exchanging element as clalmcd in claim 1,

wherein said coconut fiber is impregnated with at least

one substance selected from the group consisting of
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lithium chloride, lithium bromide, calcium chloride,
ethylene glycol, diethelene glycol, glycerine, titanium
chloride, aluminum chloride, triethylene glycol, vana-
dium fluoride and hthium carbonate.

3. A rotary-type counter-current heat exchanger
comprising: a casing; a rotary frame rotatably supported
by said casing, said rotary frame including a shaft, a pair
of rotor rims maintaining a predetermined distance in an
axial direction of said shaft and a plurality or rotor
spokes, one end of each rotor spoke being fixed to said
shaft and the other end thereof being fixed to said pair
of rotor rims, and a heat-exchanging element accommo-
dated in said rotary frame, said heat exchanging element
consisting of a gathering member, said gathering mem-
ber being composed of coconut fiber having a diameter
equal to between about 0.1 and 0.4 millimeter.

4. A rotary-type counter-current heat exchanger as
claimed in claim 3, wherein said rotor spoke 1s plate-like
member so that a plurality of said rotor spokes form a
plurality of fan-shaped matrixes in said rotary frame.
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5. A rotary-type counter-current heat exchanger as
claimed in claim 4, wherein said heat exchanging ele-
ment 1s contained in a fan-shaped cartridge, and said
fan-shaped cartridge is fitted into each said fan-shaped
matrix.

6. A rotary-type counter-current heat exchanger as
claimed in claim §, wherein said fan-shaped cartridge
fitted to each said matrix is supported by a covering
from the circumferential direction of said rotary frame.

7. A rotary-type counter-current heat exchanger as
claimed in claim 6, further comprising a pair of grid-like
sealing means, each grid-like sealing means being posi-
tioned on the front and rear faces of said heat exchang-
ing element in said rotary frame. |

8. A rotary-type counter-current heat exchanger as
claimed in claim 3, further comprising a purge sector
provided on a supply air stream side of said casing and
so constructed as to exhaust a captured exhaust air
stream toward an exhaust air stream side via duct means
without releasing it on a circulating air stream side of

said casing.
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